(12) INTERNATIONAL 



CATION PUBLISHED UNDER THE PATENT O 



t tO/526 4 82 
ERATION TREATY (PCT) 



(19) World InteUectual Property 
Organization 
International Bureau 

(43) International Publication Date 
18 March 2004 (18.03.2004) 




(10) International Publication Number 

PCT WO 2004/022321 Al 



(51) International Patent Classification 7 : B29C 70/44, 

63/20 

(21) International Application Number: 

PCT/SE2003/001354 

(22) International Filing Date: 

1 September 2003 (01.09.2003) 

(25) Filing Language: Swedish 

(26) Publication Language: English 

(30) Priority Data: 

0202624-3 5 September 2002 (05.09.2002) SE 

(71) Applicant (for all designated States except US ) : SAAB AB 
[SE/SE]; S-581 88 Linkoping (SE). 

(72) Inventor; and \^ 

(75) Inventor/Applicant (for US only): WESTERDAHL, An- 
ders [SE/SE]; Blystigen 1, S-582 29 LinkSping (SE). 

(74) Agent: SAAB AB; Koncernavdelning Teknik, Charlotte 
Norberg, S-581 88 Linkoping (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT (util- 
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (utility 



model), DE, DK (utility model), DK, DM, DZ, EC, EE, ES, 
FI (utility model), FI, GB, GD, GE, GH, GM, HR, HU, ID, 
IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MX, MN, MW, MX, MZ, NI, NO, 
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK 
(utility model), SK, SL, S Y, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17: 

— as to applicant's entitlement to apply for and be granted 
a patent (Rule 4.17(H)) for the following designations AE, 
AG, AU AM, AT, AU t AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, 
FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, 
PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, 

[Continued on next page] 



(54) Title: HOLDING DEVICE FOR AN ITEM AND A METHOD FOR HARDENING TOGETHER SAID ITEM 




(57) Abstract: The invention concerns a holding device for holding an item (3) in connection with hardening of the item under 
elevated pressure in a pressure tank. The holding device includes one or more support elements that entirely or partly surround the 
lateral surfaces of the item and are arranged to support the item (3) during hardening. The holding device is characterized in that at 
least one of the support elements (4a) is arranged in relation to the item in such a way that the support element (4a) presses, in a first 
£^ region along its length, against the item with a pressure that is elevated relative to the pressure-tank pressure and, in a second region 
along its length, presses against the item with a pressure that is lower relative to the pressure-tank pressure. 



WO^004/022321 Al II llll I II llllll TOl I II IH 



TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW f AR1PO 
patent (GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, 
ZM, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 
TJ, TM), European patent (AT, BE, BG, CH, CY, CZ, DE, 
DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LV, MC, NL, PT, 
RO, SE, SI, SK, TR), OAP1 patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG) 
as to the applicant's entitlement to claim the priority of the 
earlier application (Rule 4,17 (iii)) for all designations 



— of inventorship ( Rule 4. 1 7( iv) ) for US only 
Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2004/022321 




IPCT/SE2003/001354 



Holding device for an item and a method for hardening together said item 
BACKGROUND OF THE INVENTION AND PRIOR ART 

This invention concerns a holding device according to the preamble to Claim 1 for holding an 
item in connection with hardening of the item. 

The invention also encompasses a method for hardening together an item according to the 
preamble to Claim 7. 

The fabrication of many items and structural elements, such as vehicles, vessels and aircraft, out 
of sheet metal or hardenable composite materials containing fibers, such as glass fibers or carbon 
fibers, is known. Such composite materials are distinguished by high strength and relatively low 
weight. These distinguishing properties have resulted in it becoming increasingly common in the 
aviation industry to use items containing composite materials. One often used type of item 
comprises a cell core and a beam frame which surrounds the cell core and consists of glued 
carbon fiber beams. The cell core, which is relatively pliant, must be glued at a low pressure, 
typically 180 kPa. On the other hand, a high pressure, typically 300 - 600 kPa, is prescribed when 
gluing the beams to the frame in order to produce a good glue joint. 

The above-described item type thus requires that the beams first be glued together at the higher 
pressure, and that the cell core then be glued at the lower pressure. A tool that can be used when 
hardening items of this type is described in WO 01/47695. 

PURPOSE OF THE INVENTION 

One purpose of the invention is to reduce the costs and lead times associated with the assembly 
of said items and other items wherein the parts involved require hardening at different pressures. 

SUMMARY OF THE INVENTION 

This purpose has been achieved according to an embodiment of the invention by means of a 
holder for holding an item in connection with the hardening of same in a pressure tank that has a 
pressure that is elevated in relation to the atmospheric pressure. The holding device comprises 
one or more support elements that entirely or partly surround the lateral surfaces of the item and 
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are arranged so as to support the item during hardening, and to exert a differentiated pressure on 
the item. 

In a preferred embodiment at least one of the support elements is arranged in relation to the item 
in such a way that the support element exerts, along its length, different levels of pressure on the 
item in that, in a first region along its length, the support element presses against the item with a 
pressure that is elevated relative to the pressure-tank pressure and, in a second region along its 
length, presses against the item with a pressure that is lower relative to the pressure tank 
pressure. The support element that exerts, along its length, different levels of pressure on the item 
can be fixedly arranged in the holding device with a pivot point chosen so that the support 
element exerts the elevated pressure in the first region and the lower pressure in the second 
region. The support elements that do not exert different levels of pressure on the item lie in 
abutment with the item along their entire length essentially without pressing against the item. 

In a special embodiment the holding device is arranged so as to hold an item comprising a core 
and a beam frame that surrounds the lateral surfaces of a core and includes at least two beams for 
gluing of the core to the beam frame and gluing of the beams to one another. The support 
elements are then arranged so as to exert the differentiated pressure so that they press the beams 
toward one another at the elevated pressure relative to the pressure-tank pressure, and lie in 
abutment to the item essentially without exerting any pressure thereon where the core is to be 
glued to the beam frame. The elevated pressure pressing the beams toward one another is, e.g. 
roughly 2-4 times higher than the prevailing pressure in the pressure tank. 

The invention also concerns a method for hardening together an item containing at least a core 
and a beam frame surrounding a core and including at least two beams whereby the core is glued 
to the beam frame and the beams of the beam frame are glued to one another. The method is 
characterized in that the unhardened item is arranged on a underlayer, that support elements are 
applied around the item to hold it together, that the support elements are caused to exert a 
differentiated pressure on the item, and that the unhardened item, on its underlayer and with the 
support elements, is introduced into a pressure tank for hardening. The support elements are 
caused to exert a pressure that is elevated relative to the pressure-tank pressure on the surfaces 
that press the beams together toward one another and lie in abutment to the item essentially 
without exerting pressure on the surfaces where the beams are glued to the core. 

The holding device and method for hardening together an item according to the invention make it 
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substantially easier to glue together an item comprising a core glued on a beam frame of beams 
that are glued together. The core is pressure-sensitive, and can tolerate a very low pressure 
laterally, while it can withstand a pressure of on the order of 180 kPa from above. A significantly 
higher pressure, on the order of 300 - 600 kPa, is consequently prescribed for gluing together the 

5 beams, in order to obtain a good glue joint. Despite these contradictory requirements, the device 
and method according to the invention enable gluing of the item in a single step. The pressure in 
the pressure tank, which is thus on the order of a maximum of 1 80 kPa, presses from above 
against the beam frame and the core. The support means arranged around the item resist the 
pressure which would otherwise be exerted on the item laterally, except for on those surfaces 

10 where the pressure that is elevated relative to the pressure-tank pressure is prescribed. The 

support means exert the prescribed pressure on these surfaces. In the holding device and method 
according to the invention, the pressure-tank pressure is thus used to create a differentiated 
pressure on the item. 

15 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows an example of a holding device for holding an item in connection with 

hardening of same; 
Figure 2 shows an exemplary embodiment of the item in Figure 1 ; 

Figure 3 provides a schematic diagram of an example of the item in Figure 2 mounted in a 
20 holding device containing support elements. 

PREFERRED EMBODIMENTS 

In Figure 1 a holding device contains a base element 1 which, in the example shown, forms a bed 
with an upper bed support that has a size of, e.g. 10m 2 . The base element 1 can be made of steel 
25 or another metal or metal alloy, such as aluminum, nickel, etc., and has a thickness of between 5 
and 50mm, e.g. between 20 and 25mm. 

An intermediate element 2 is displaceably arranged on the bed surface of the base element 1, i.e. 
the intermediate element 2 rests loosely on the base element L An item to be fabricated is placed 

30 on top of the intermediate element 2. The intermediate element 2 forms a shaping element for the 
item 3, i.e. the intermediate element 2 forms a surface that has a shape that corresponds to a 
surface of the item 3 to be fabricated that is faces in opposition to the surface of the intermediate 
element. In the example shown, the intermediate element 2 is relatively thin in comparison with 
the base element 1, and can measure from 2 to 7mm, e.g. between 4 and 5mm. The intermediate 

35 element 2 can advantageously have an upper surface that is essentially parallel with a lower 
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surface of the intermediate element The upper bed surface of the base element 1 will then 
advantageously also have a shape that corresponds to the shape of a surface of the item 3 to be 
fabricated. The intermediate element 2 alternatively has an upper surface on which the item 3 to 
be fabricated rests, and a lower surface, whereupon these surfaces are not parallel. For example, 
5 the upper surface can have a concave shape while the lower surface is flat In the embodiment 
shown in Figure 1, the upper and lower surfaces of the intermediate element are essentially flat, 
as is also the upper surface of the base element 1 . 

The intermediate element 2 is made at least partly of a composite material containing, e.g. fibers 
10 and a plastic material. Such fibers can consist of, e.g. carbon fibers, glass fibers and/or other 
mineral fibers. The plastic material contains a hardenable plastic, such as epoxy plastic. 

The holding device also includes support elements 4 that are fixable on the intermediate element 
2. The support elements 4 together form a frame that supports the item 3 to be fabricated. The 

15 inner surface of the frame is thus defined by the contour of the peripheral surface of the item. The 
support elements 4 are fixable on the intermediate element 2 by means of connecting elements 6. 
The support elements 4 are thus secured only to the intermediate element 2. The connecting 
elements 6 comprise, e.g. a bolted joint with a bolt and a nut that is threaded on the bolt. The bolt 
extends through the intermediate element 2 and one of the support elements 4, and includes a 

20 bolt head that is countersunk into the intermediate element 2. Other connecting elements are also 
possible within the scope of the invention, e.g. a single non-threaded bolt that extends through a 
hole in the intermediate element 2 and one of the support elements 4 with a suitable fit. It is also 
possible to fasten one or several of the support elements 4 to the intermediate element 2 by 
means of a more permanent joint, e.g. by gluing. Each support element 4 has a support surface 10 

25 that is turned toward the peripheral surface of the item 3 to be fabricated. The support surface 10 
thus has a contour that corresponds to the peripheral contour of the item 3 to be fabricated. The 
mounting of the support elements 4 will be described in greater detail in connection with Figure 
3. 

30 The support elements 4 can also be made of a composite material containing fibers and a plastic 
material. The fibers can consist of, e.g. carbon fibers, glass fibers and/or several mineral fibers, 
and the plastic material can contain epoxy resin. The support elements 4 advantageously contain 
a higher proportion of plastic material than the intermediate element 2. The support elements 4 
are suitably made using dies made of metal, such as aluminum or steel. 



35 
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The holding device ftuther contains means for carrying gas away from a region above the base 
element 1. These means comprise ducts 19, which have an opening 20 in the upper bed surface of 
the base element 1, and which extend to a pump 21. There is also an essentially leaktight cloth 22 
above the upper bed surface of the base element L The cloth 22 is fastened along the periphery of 
5 the base element 1 using some fastening means 23, such as, e.g. adhesive tape. The cloth 22 thus 
covers the openings 20, the intermediate element 2, the support elements 4 and the item 3 to be 
fabricated. When the pump 21 is started, the gas that is present between the cloth 22 and the base 
element 1 will be carried away and a vacuum will be created, whereupon the cloth 22 will seal 
tight onto the item 3 to be fabricated. It should be noted that additional elements can be arranged 
10 between the item 3 and the cloth 22; for example, a perforated plastic film (not shown) can be 

placed nearest the item 3, and a so-called tear-away cloth (not shown) can be placed between the 1 
item 3 and the cloth 22. In one embodiment, the holding device with its associated item 3 can be 
put into an autoclave for heat treatment. 

15 In Figure 2 the item 3 consists of a structural element for an airplane, a vehicle, a boat, a vessel 
or some other device, such as a machine or a building. The item in Figure 2 contains a core 5 and 
a beam frame 7 surrounding the core and consisting of carbon fiber beams 8 that have been glued 
together. To achieve a strong glue joint between the beams, the glue must be hardened under 
relatively high pressure, i.e. on the order of 300 - 600 kPa. 

20 

The core 5 is glued into the beam frame 7. The core characteristically has a cellular structure, 
such as a honeycomb structure, whereby the weight of the item 3 can be kept at a low level. The 
core is characteristically pressure-sensitive. In an example with a phenol matrix/aramid fiber 
core, the core can tolerate an extremely low pressure laterally. The core can withstand exposure 
25 to a pressure on the order of 1 80 kPa from above. 

In Figure 3 the support elements 4a, 4b surround the item 3 entirely. The support elements 4b 
that lie in abutment with a section of the beam frame 7 that lies adjacent to the core along its 
entire opposing peripheral surface are fixated in the intermediate element 2 by means of two 

30 connecting elements 6, described above, which are arranged at a distance from one another. The 
support elements 4b are fixated in relation to the item in such a way that, before hardening, they 
lie in firm abutment against the item 3 without exerting any pressure on the item. However, 
during the actual hardening process it can happen that a degree of pressure will be exerted on the 
item by the support elements 4b because the glue between the core and the beam frame expands 

35 somewhat during the hardening process. The support elements 4b that he in abutment with a 
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section of the beam frame 7, which encompasses a joint between two beams 8 are, in the same 
way, fixated in the underlayer by means of two connecting elements 6 that are arranged at a 
distance from one another. The support elements 4a that lie in abutment with a section of a beam 
8 which, along its opposing peripheral surface, is adjacent to both the core and an opposing beam 
5 8, is arranged in the intermediate element 2 in an alternative maimer. These support elements 4a 
are mounted in the underlayer by means of just a single connecting element 6, This single 
connecting element 6 acts in this case as a pivot point 9 around which the support element 4a is 
somewhat rotatable. The position of the pivot point 9 is chosen in accordance with the torque 
calculations of one skilled in the art so that the support element 4a presses, in a region along its 

10 length where the beam adjacent to the support element butts against the opposing beam, the 

adjacent beam against the opposing beam and, along the remainder of its length, butts against the 
adjacent beam without pressing on it. For the above-described example with a phenol 
matrix/aramid fiber core and a pressure-tank pressure of 180 fcPa, the pivot point is chosen so 
that the pressure that is exerted on the aforementioned region is on the order of 2 - 5 times higher 

1 5 than the air pressure in the pressure tank. 

The fabrication of the item 3 can proceed in, e.g. the following manner. The intermediate element 
2 is placed on the base element L The core is then placed on the intermediate element 2. The 
unhardened carbon fiber beams are also placed around the periphery of the core. The support 

20 elements 4 are then applied around the core 5 and the beam frame 7 of the carbon fiber beams 8 
in the manner described in connection with Figure 3. The leaktight cloth 22 is then applied on top 
of the item and fastened using some fastening means 23 onto the upper bed surface along the 
periphery of the base element. The holding device is then introduced into an autoclave. The space 
that is created beneath the cloth is now vacuum suctioned by means of the pump 21 so that the 

25 cloth forms a tight seal onto the item. The temperature and pressure in the autoclave are 

gradually increased. The final levels to achieve hardening of the item 3 can be, e.g. roughly 2-6 
bars, e.g. 6 bars absolute pressure, and 150 - 200°C, e.g. roughly 180°. After a suitable period of 
time in the autoclave, e.g. 2-3 hours depending on the size of the item, the pressure and 
temperature in the autoclave are lowered and the holding device can be taken out of the 

30 autoclave. The cloth 22 is then removed to expose the item 3. The item 3 is then removed from 
the holding device and is ready for mounting of after-treatment. 

The invention is not limited to the embodiments shown, but can be varied and modified within 
the framework of the claims that follow. It should be noted in particular that the items 3 that can 
35 be fabricated using the holding device can, in principle, be of any arbitrary shape, and are in no 
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way limited to the shape presented in the specification and in the drawings. 
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CLAIMS 

1 . A holding device for holding an item (3) in connection with hardening of the item under 
elevated pressure in a pressure tank, wherein the holding device includes one or more 

5 support elements that entirely or partly surround the lateral surfaces of the item and are 

arranged to support the item (3) during hardening, characterized in that at least one of the 
support elements (4a) is arranged in relation to the item in such a way that the support 
element (4a) presses, in a first region along its length, against the item with a pressure 
that is elevated relative to the pressure-tank pressure and, in a second region along its 
10 length, presses against the item with a pressure that is lower relative to the pressure-tank 

pressure. 

2. A holding device according to Claim 1, characterized in that the support element (4a) in 
the second region lies in abutment with the item essentially without exerting any pressure 

15 on the item. 

3. A holding device according to Claim 1, characterized in that the support element (4a) is 
fixedly arranged in the holding device at a pivot point (9). 

20 4. A holding device according to Claim 1, characterized in that the support element (4a) that 
is arranged along its length to exert different levels of pressure against the item is 
arranged in abutment with at least one of the comers of the item. 

5. A holding device according to Claim 1, characterized in that it is arranged to hold an item 
25 (3) containing a core (5) and a beam frame (7) surrounding a core and including at least 

two beams (8) for gluing the core (5) to the beam frame (7) and gluing the beams to one 
another, whereupon the support elements are arranged to press the beams toward one 
another and lie in abutment with the item essentially without exerting any pressure 
against the item where the core is to be glued to the beam frame. 



30 



A holding device according to Claim 3, characterized in that the pivot point (9) is chosen 
so that the pressure in the first region is roughly 2-4 times higher than the pressure in the 
pressure tank. 



35 



A method for hardening together an item (3) containing at least a core (5) and a beam 
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frame (7) surrounding a core and including at least two beams (8) whereby the core (5) is 
glued to the beam frame (7) and the beams (8) of the beam frame (7) are glued to one 
another, characterized in that the unhardened item (3) is arranged on an underlayer (2), 
that support elements (4; 4a, 4b), are applied around the item to hold it together, that the 
support elements are caused to exert a differentiated pressure on the item, and that the 
unhardened item is, on its underlayer (2) and with the supporting elements (4; 4a, 4b), 
introduced into a pressure tank for hardening. 

A method according to Claim 7, characterized in that the support elements (4; 4a, 4b) are 
caused to exert a pressure that is elevated relative to the pressure-tank pressure on the 
surfaces that are pressing the beams toward one another and lie in abutment with the item 
essentially without pressure on surfaces where the beams are glued to the core. 
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